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There are several early records of virus diseases in the imported cab- 
bageworm, Pieris rapae (L.), but prior to 1951, none [of these records 
presented positive evidence that the disease concerned |was caused by a 
virus. In 1886, Forbes attempted to transmit to the imported cabbageworm 
bacteria obtained from silkworms which had died of jaundice. In some of 
the infected cabbageworms, he noted large spheres or [‘mulberry gran- 
ules,” from 2 to 4 microns in diameter, occurring singly and in masses. 
He pointed out the similarity of the “mulberry granules” to structures 
present in silkworms infected with jaundice. The structures that Forbes 
called “mulberry granules” might have been virus polyhedra. Pospelov 
and Noreiko (1929) concluded that a yeast, Debaryomyces tyrocola Kon., 
contained virus and caused diseases in certain lepidoptefous species, but 
their attempt to infect the larvae of Pieris rapae was inqonclusive. 


The early records of bacterial diseases in Pieris rapae yeported by some 
workers (Forbes 1886, Wilson, Pickett, and Gentner 1919, Brown 1930, 
Moss 1933) are probably not all correct and the diseases may have been 
caused by a virus. Glaser (1928), Sweetman (1936), Bergold (1943), 
and Steinhaus (1946, 1949a) listed Pieris rapae among the insects at- 
tacked by virus diseases. In 1940, Richards observed many larvae of 
Pieris rapae killed in the laboratory by a “wilt” disease. He suggested 
that “wilt” was present in the larvae in a dormant condition and that 
it became evident when the larvae were kept in captivity. In Hawaii,* 
Holdaway and Lucas (1941) suspected the “wilt” disease of Pieris rapae 
to be viral in nature. The disease was responsible for a high mortality of 
cabbageworms in the field, particularly at elevations of less than 1,000 
feet. 


The first actual demonstration of a virus disease in the imported cab- 
bageworm was presented by Thompson in 1951. He fopnd a granulosis 
virus infection in the larvae of the second generation stock which was 
originally started from a field-collected adult female. As will be men- 
tioned later in this paper, larvae of Pieris rapae collecte}l from Colorado 
and Hawaii were found infected with granulosis viruses. These viruses 
are apparently the same as that found by Thompson. 


1 Portion of the thesis submitted as a partial fulfillment for the degree of Doctor of Philosophy 
from the University of California, Berkeley. 
No approved by the Director of the Hawaii Agricultural Experiment Station as Technical Paper 
o. 284. 
3 The writer, while undertaking a research study at the University of al 
many of the imported cabbageworms dying in the rearing jars. The symptom: 
were similar to those of the granulosis described in this paper. 
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Another virus disease, a polyhedrosis, was observed by the writer in 
laboratory-reared imported cabbageworms. This virus disease was found 
to be the same as the polyhedrosis of the alfalfa caterpillar, Colias philo- 
dice eurytheme Boisd.4 


EXPERIMENTAL PROCEDURE 


The present study was conducted at the Laboratory of Insect Pathology, 
University of California in Berkeley. 

The cabbageworms were reared in a laboratory located in Albany, 
California. The daily temperature of the laboratory fluctuated mainly 
between 21 to 26° C with occasional extremes of 17 and 80° C. The daily 
relative humidity ordinarily ranged from 50 to 60 per cent, but oc- 
casionally dropped to 18 per cent or rose to 74 per cent. 

In general, the cabbageworms were reared from eggs laid by field- 
collected adults which were enclosed in a cloth cage with a glass top. 
During the winter months, the eggs were obtained from butterflies reared 
in the laboratory. The adults laid their eggs on a young potted kale plant 
which was replaced with a fresh one on alternate days. By this method, . 
larvae of uniform size and age were obtained. 

The eggs, together with the leaves on which they were laid, were 
“disinfected” by immersing for 90 minutes in a solution of 10 per cent 
formaldehyde (by weight) and then washing in running tapwater for 
about 15 minutes to remove the formaldehyde (see Thompson and 
Steinhaus 1950).. The “disinfected” eggs were placed in sterile half-pint 
cardboard containers with a vial containing a mustard or a kale leaf. 
The container. was covered with a half of a sterile petri dish. When the 
larvae were in the second instar, they were placed, two each, in sterile 
containers in which they were reared until they reached the proper size. 

The food of the cabbageworms varied with the availability of the 
cruciferous plants. The chicken, or thousand-headed, kale, Brassica 
oleracea var. acephala DC. and two species of wild mustard were used. 
A smooth leaved mustard, B. campestris L., was preferred by the cabbage- 
worm to the rugose leaved B. Kaber (DC.) Wheeler (=B. arvensis sensu 
Rabenh.) .5 

Other insect species which were used in the ‘experiments were kindly 
supplied by Dr. C. G. Thompson either as eggs or very young larvae. 
All of these species were fed alfalfa, Medicago sativa L., or bur clover, 
M. hispida Gaertn. 

The larvae were infected orally and no inoculations into the body 
cavity were attempted as such a path of infection by pathogens is prob- 
ably rare in nature and would give a much higher percentage of infec- 
tion. In general, the pathogenic inoculum was prepared by macerating 
a fifth instar larva, which had died of granulosis, in a sterile mortar and 
suspending the macerated contents in about 25 to 50 ml of a 0.2 per cent 
blood albumin solution. The larvae to be infected were fed leaves dipped 
into this solution. About 10 to 20 larvae, generally in their fourth instar 


4 The results of the study with the polyhedrosis virus of the imported cabbageworm are being 
prepared for publication. 


5 The scientific names of the plants are from Abrams (1940) and Bailey (1949). 
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were used for each treatment. In both the treated and} control groups, 
the larvae were reared individually in sterile containers. Larvae that 
died were dissected and the body contents examined und¢r the microscope 
to determine the nature of the pathogen. 


For the histopathological study, the larvae were fixed in alcoholic 
Bouin’s solution (Duboscq-Brasil’s modification) and prepared for sec- 
tioning by dehydration through a methyl benzoate and benzene series and 
thence into paraffin (see Romeis 1948) . 


The virus specimens for electron microscopy were prepared and 
shadowed with palladium according to the technique described by Stein- 
haus, Hughes, and Wasser (1949). The virus was observed through the 
RCA electron microscope, type EMU-2B. The size of the specimens was 
calculated from polystyrene particles that were 260 millimicrons in diam- 
eter. 


SYMPTOMS AND PATHOLOGY 


The granulosis virus, which was discovered by Thonhpson (1951) in 
laboratory-reared larvae of Pieris rapae, was forwarded to the writer for 
description and identification. Although Thompson was not able to es- 
tablish whether the disease occurred in nature, field-collected imported 
cabbageworms received from Hawaii and Fort Collins,| Colorado® were 
also found infected with granulosis. The investigation of the granulosis 
disease of Pieris rapae was conducted mainly with the infectious ma- 
terial obtained from Hawaii. 


The imported cabbageworm showed the first signs| of infection in 
about 3 to 5 days after feeding on a leaf that had been dipped in a virus 
suspension. As the infection advanced, the larva became progressively 
paler than normal larva. Just prior to death, the larva appeared greenish 
to milky yellow on the dorsal and lateral surfaces while the ventral sur- 
face was almost white. Sometimes the integument was mottled and shiny. 
The body was often slightly bloated yet soft. At this stag¢, there was little 
feeding and the larva was languid. Soon after death, the body rapidly 
darkened until it was entirely black. There was a marked liquefaction 
of the internal tissues. Unlike most granuloses of other insect species 
(Steinhaus 1947, Steinhaus and Thompson 1949), the/integument was 
very fragile and in this respect resembled a polyhedrosjs infection. The 
dead or dying larva often remained suspended from a lgaf or the side of 
the container by its abdominal or caudal prolegs (Fig, 1A). At death 
the larva was in a wilted condition. When the fluid content of the wilted 
larva was examined under the microscope, it had a brownish tint be- 
cause of the numerous granules it contained. 


Occasionally a larva died without becoming chlorotic. Such larvae 
often showed signs of having had diarrhea as indicated|by their “dirty” 
terminal segment and by the tendency to adhere to the substratum by 
their anal region. Some vomited fluid from the mouth. Although the 
body was soft, the integument was not easily torn. Since the blood con- 


°Dr. T. O. Thatcher, assistant entomologist at Colorado Agricultural and Mechanical College, 


sent the specimens from Colorado to Dr. E. A. Steinhaus, associate entomologist at University of 
California, who forwarded them to the writer. 
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Fig. 1. Imported cabbageworm, Pieris rapae (L.), infected with granulosis virus. A. Larva, 
which died of granulosis, hanging by its caudal prolegs from the side of the rearing 
container. B. Normal prepupa. C. Early stage of an abnormal prepupa, which is caused 
by high temperature or infectious disease. D. Abnormal prepupa beginning to shrivel 


to a dry scale. E. Normal pupa on the right; infected pupa, which has darkened, on the 
left. 
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tained many bacteria as well as granules, such cases appprently resulted 
from a mixed infection of virus and bacteria. 

If the infected larva survived to the prepupal stage, it might die as an 
abnormal prepupa (Fig. 1C, D) which later darkened] and dried up. 
If the infected larva pupated, it might turn black and|die (Fig. 1E). 
pes internal contents of dead prepupae and pupae were brownish and 

uid. 

Thompson (1951) reported that the larva died within 7 to 8 days 
after infection. As indicated by the results of the tests described later, 
this period might vary with the temperature, the age of the larva, the 
concentration and virulence of the virus inoculum, and the secondary in- 
vasion by bacteria. But death, in general, occurred within 4 to 8 days 
after infection with an occasional larva dying as early as| 48 hours or as 
late as 12 to 15 days. 

The gross internal pathology in Pieris rapae resemble}l that of other 
granuloses (Paillot 1926, Steinhaus 1947, Steinhaus and Thompson 1949, 
Steinhaus, Hughes, and Wasser 1949, Hughes and Thpmpson 1951). 
The blood of infected larvae turned from a clear to cloudy green during 
the late stage of infection. At death, it became turbid} and milky or 
slightly brownish. When examined under the microscope,}abundant min- 
ute granules were seen in active Brownian movement in the blood. Some 
granules were found moving actively within spherical yesicles. Similar 
vesicles were also observed in other granuloses (Paillot} 1937, Bergold 
1948a, Hughes and Thompson 1951) . 

The fat tissue had an opaque white appearance with| minute specks 
of cloudy areas, as compared with the translucent whitish fat bodies of 
normal larvae. In a late infection, the anterior and posteftior ends of the 
mid-gut were tinged with brown. The cause of the discgloration might 
not be entirely due to the lack of food in the mid-gut. The hypodermis 
of an infected larva tended to peel off from the cuticle mpch more easily 
than that of a healthy larva. 

Microscopic sections of larvae in three different stages of infection 
were examined: first, an early stage, 3 days after ingesting the virus; 
second, a late stage, 5 days after ingesting the virus; third, just after death. 
Pathologic changes were apparent in the fat and hypodermal tissues only. 
In many cases of granuloses reported so far, the fat tissue alone had shown 
signs of pathology (Steinhaus 1947, Steinhaus, Hughes, and Wasser 1949, 
Hughes and Thompson 1951) . Other granuloses affecting the hypodermis 
as well as the fat tissue were reported for the two vituses of Euxoa 
segetum Schiff. (Paillot 1935, 1936, 1937, 1943) and foy that of Pieris 
brassicae (Paillot 1926). In the buckeye caterpillar, Junonia coenia 
Hiibner, Steinhaus and Thompson (1949) observed that the principal 
tissue affected was the fat tissue, but at times other tissues, such as the 
hypodermis and the tracheal matrix, were also involved. 

Since the process of necrobiosis in the fat and hypode¢rmal cells was 
essentially the same, the pathologic changes in both tisshes will be de- 
scribed together. The nuclei of normal fat and hypodejmal cells were 
oval or spherical in outline, rather small, and-containeq one or more 
nucleoli (Fig. 2A). At an early stage of infection, the nuclear material, 
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especially the nucleolus, seemed to break up and condense into irregular 
masses. Pycnotic nuclei with condensed chromatin material in the center 
or to one side were common in both the fat and the hypodermis (Fig. 
2B). Sometimes the dark-staining nuclear material might form a con- 
tinuous or partial ring near the nuclear membrane. The areas between 
the nuclear membrane and the dark-staining nuclear material were filled 
with a homogenous light-staining material, probably the granules. As 
the disease progressed, the nucleus continued to hypertrophy, and the 
nuclear membrane became barely visible. There was apparently a de- 
crease in chromatin material. Meanwhile the entire cell increased in 
size. At a late stage, the boundary between the nucleus and cytoplasm dis- 
appeared, either as a result of the nucleus occupying the entire cell or, 
more probably, because the nuclear membrane had disintegrated and the 
nuclear and cytoplasmic elements had intermingled (Fig. 2C). 

In a fat cell, the number of fat globules decreased as the disease pro- 
gressed. Not all the cells in a fat body were affected uniformly. Some of 
them might be in an advanced stage of infection while others showed 
only slight signs of change. The progress of infection among the hypo- 
dermal cells tended to be more uniform than among the fat cells. 

Different workers hold different opinions as to whether the granules 
multiply in the nucleus or the cytoplasm. Paillot (1926) stated that the 
multiplication of the virus he studied took place in the cytoplasm of fat 
and hypodermal cells of Pieris brassicae. In 1936, he reported that in 
one of the virus diseases of Euxoa segetum the granules appeared first 
in the cytoplasm, while in another disease, the granules multiplied 
especially in the nucleus and also in the cytoplasm. Later he found a 
third granulosis in the same species in which the granules multiplied 
in the nucleus (Paillot 1937). In Peridroma margaritosa (Haworth), 
Steinhaus (1947) observed large numbers of the granular inclusion 
bodies in the cytoplasm. This observation was repeated in 1949 (Stein- 
haus, Hughes, and Wasser). Bergold (19482) found the granules in the 
cytoplasm of infected blood cells of Cacoecia murinana Hübner. In 
1949, Steinhaus and Thompson stated that the granules in Junonia coenia 
possibly originated within the nucleus and sooner or later accumulated 
in the cytoplasm or fat cells. In Sabulodes caberata Guenée, Hughes and 
Thompson (1951) observed that the granules appeared in the nucleus 
rather than in the cytoplasm of fat cells. They suggested that some re- 
ports of granules arising in the cytoplasm may have resulted from ob- 
servations made after the infection had progressed too far to distinguish 
between nucleus and cytoplasm. In the present instance the granules 
appeared to develop in the nucleus of the cells of Pieris rapae. 








Fig. 2. Histological sections through the hypodermal tissue of the imported cabbage- 
worm, Pieris rapae (L.), showing progressive stages in the infection with granulosis. A. 
Healthy hypodermal cells. B. Hypodermis in early stage of infection; nuclei enlarged 
and pycnotic. C. Hypodermis in late stage of infection; the hypertrophied nuclei are 
breaking down. Tissues stained with iron hematoxylin and eosin. Magnification of A, 
B, and C approximately the same. 
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THE CAUSATIVE AGENT 
Bergoldia virulenta, new species 
Morphology 


The granules were obtained from the blood of a larva in the late 
stage of infection or by grinding in a mortar several larvae which had 
died of granulosis. The granules from the macerated larvae were con- 
centrated by repeated centrifugation and washing in sterile distilled 
water. A drop of the infected blood or of the concentrated granules was 
then dried on an electron microscope screen. 


Under the electron microscope, the granules were oval in outline and 
resembled those described for other granuloses (Fig. 3A). They had an 
average size of about 0.2 by 0.3 microns. Some very elongate ones and 
also other bizarre forms were present. These appeard to have resulted 
from the fusion of several granules. Occasionally free virus particles 
were present. 

When the dried granules on the screen were treated for 10 minutes 
with 0.01 M sodium hydroxide and the alkali washed off by dipping the 
screen in distilled water, the granules appeared partially dissolved, re- 
vealing the single rod-shaped virus particle within (Fig. 3B). For the 
complete liberation of the virus particle from the granular matrix, about 
2 ml of a thick suspension of granules, that had been purified by repeated 
centrifugation, were treated for about 214 hours with 10 to 20 ml of a 
mixture of equal parts of 0.1 M sodium chloride and 0.1 M sodium car- 
bonate. The entire mixture was centrifuged for 15 minutes at about 5,000 
rpm to remove the coarse undissolved particles. The liberated virus par- 
ticles in the supernatant fluid were washed and concentrated by two or 
more centrifugations at 13,000 rpm (20,000 g) for about an hour. A drop 
of the final sediment was mounted on an electron microscope screen. 

Under the electron microscope, many of the free virus particles were 
straight rods, but some were curved. They varied greatly in size. In 286 
particles examined, the width ranged from 41 to 100 millimicrons, while 
the length ranged from 221 to 290 millimicrons. Most of the virus par- 
ticles ranged within 61 to 90 millimicrons by 231 to 270 millimicrons. 
Apparently these fairly thick virus rods were enclosed in a membrane 
which has been called the “spherical membrane” by Bergold (1950). 

In one sample that was treated with alkali for 5 hours instead of 214 
hours, the virus particles were not only distinctly thinner, but some of 
the particles had the spherical membranes attached to them (Fig. 3C). 
Occasionally what appeared to be empty collapsed membranes could be 
seen. The size of these naked particles ranged from 31 to 60 millimicrons 





Fig. 3. Electron micrographs of granules and virus particles. A. Untreated granules. B. 
Granules treated with alkali, showing the single rod-shaped virus particle within the 
dissolved matrix. The white spheres are polystyrene particles of 260 millimicrons in 
diameter. C. Virus particles within “spherical membranes” and naked virus particles. 
Ob as empty tubular membrane near the center of figure. Approximate magni- 








A 27,600 X; B—21,000 x; C—25,100 x. . 
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in width and 191 to 340 millimicrons in length, with most of them be- 
ing 41 to 50 millimicrons by 291 to 300 millimicrons. Since the virus rods 
were often curved within the spherical membrane, the apparent greater 
length of the naked virus rods might have resulted from their straighten- 
ing out after emerging from the membrane. However, the difference might 
also be caused by the variations present between the samples. 

Besides the rod-shaped particles, roughly spherical bodies were some- 
times seen in virus preparations and may represent the initial forms de- 
scribed by Bergold (1950). In some cases, the rods were folded in the 
middle and surrounded by a membrane as reported by other workers 
(Bergold 1950, Hughes and Thompson 1951, Wasser and Steinhaus 1951, 
Hughes 1952) . a 


Cross Infectivity Study 


The infectivity of the granulosis viruses reported from the following 
insects was tested on the cabbageworm: Natada nararia Moore, Amelia 
pallorana (Robinson), Sabulodes caberata Guenée, Estigmene acraea 
(Drury), Junonia coenia Hübner, Peridroma margaritosa (Haworth) , 
Harrisina brillians Barnes & McDunnough, and Argyrotaenia velutinana 
(Walker). About 15 to 20 cabbageworms were used for each test. None 
of the viruses caused a typical granulosis in Pieris rapae. In some of the 
treatments, 1 to 3 larvae died from bacterial infection. 

Since living specimens of all the above insect species could not be 
obtained, the granulosis virus of Pieris rapae was fed only to P. mar- 
garitosa, S. caberata, and E. acraea. In each case, the inoculum was tested 
by feeding it to five cabbageworms. All the treated cabbageworms died of 
granulosis but the untreated controls survived to adulthood, indicating 
that each virus inoculum was highly infectious. None of the 10 to 20 
larvae of the other insect species which were fed the virus died of 
granulosis. Some, however, died from bacterial infection. Thompson 
(1951) reported that the granulosis virus of Pieris rapae was not infec- 
tious to P. margaritosa, J. coenia, and S. caberata, and that he was not 
able to infect the cabbageworm with viruses from these other species. 


Identification of the Virus 


As the cross-infectivity tests with most of the other insect species in 
California which are infected with granulosis have not succeeded, the 
virus of Pieris rapae is heretofore undescribed. The presence of the gran- 
ular matrix around the virus particle places the virus in the genus 
Bergoldia established by Steinhaus (1949a, b). The name, Bergoldia 
virulenta n. sp., is proposed for the virus. The specific name virulenta 
is derived from the Latin, virulentus, meaning full of poison or poison- 
ous. Specimens of the virus have been sent to the American Type Culture 
Collection. 

The granulosis virus of Pieris rapae resembles that of the pseudo- 
grasserie of Pieris brassicae which is caused by Bergoldia brassicae 
(Paillot) (Paillot 1926). Both virus diseases exhibit approximately the 
same syinptoms in the host larvae and their histopathology is similar, al- 
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nucleus. Until a study of the transmission of the viruse 
species is undertaken, the identity of these two virus d 
established with certainty. 


ae originated in 
develop in the 
to the two host 
seases cannot be 


Distribution 





As mentioned previously, the granulosis of the imported cabbageworm 
has been found in three different localities, California, Colorado, and 
Hawaii. The viruses from the three localities were coippared to see if 
they were identical. A preliminary test using 10 to 15 cabbageworms 
for each treatment indicated that they were all highly virulent, produced 
identical symptoms in infected larvae, and that the perjod of infection? 
was the same. 

The test was repeated using dried and moist viruses. |The dried virus 
was prepared by grinding the body of a larva which had died of granu- 
losis with 1 to 2 ml of sterile distilled water and drying the suspension at 
34° C for 48 hours. The dried material was resuspended in 50 ml of 0.2 
per cent blood albumin solution. The moist virus inoculum was prepared 
by grinding a larva which had recently died and diluting with 50 ml 
of 0.2 per cent blood albumin solution just before treatment. Each treat- 
ment and the control contained 10 fourth instar larvae. The results 
confirmed the preliminary observations. In the group infected with moist 
virus inoculum, the virus from Hawaii killed the gush 3 to 5 days, 
that from California in 4 to 5 days, and that from Colorado in 3 to 6 
days. The group infected with the suspension of driefl virus died in 
about the same period. 

The granules and the free virus particles of the granyloses from Cali- 
fornia and Colorado have approximately the same sizq range as those 
of the granulosis from Hawaii. In one sample of the |granulosis from 
California, however, the virus particles, still enclosed the spherical 


membrane, were much shorter than any of the other sa 
fornia and also smaller than those from Hawaii and 
these smaller virus particles showed. little variation in 


them were measured. They ranged in width from 40 to 


and in length from 173 to 196 millimicrons. Althoug 


n 
ples from Cali- 


‘olorado. Since 
size, only 20 of 
52 millimicrons 

they appeared 





to be more curved than the other particles, the curvature|alone could not 
have caused the great reduction in length as compar¢d to the other 
samples. Probably the virus particles were still in the elongating stage 
as described by Bergold (1950) . 


Effect of Desiccation 


In the previous study, the virus appeared to have lost little if any of 
its virulence through drying for a short period. The efi of more pro- 
longed drying was investigated, for if the virus can withstand a long 
period of dryness it would be more useful in the biolagical control of 


~ a The period of infection may be defined as the interval from the time fhe host feeds on the 
pathogen until the death of the host from a frank infection. 
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Pieris rapae. In this study the inoculum was prepared from a fifth instar 
~ larva which had died of granulosis. The larva was ground in a sterile 
mortar and diluted with 50 ml of sterile distilled water. Ten drops of 
the solution were placed on sterile glass slides and dried overnight. The 
dried slides were stored in the dark at room temperature. At the time of 
testing, the virus smear on one slide was washed off into a sterile beaker 
with 25 ml of 0.2 per cent blood albumin solution. A sterilized forceps 
was used to scrape the virus smear off the slide. 

After 36 days of drying the virus, when fed to 14 larvae, killed all of 
them. All the control larvae developed into butterflies. When dried for 
168 days, the virus killed eight of the 10 treated larvae and two developed 
into adults. Five of the eight infected individuals died as larvae, while 
three died as pupae. In the control group, nine larvae reached the adult 
stage and one died from an amicrobic cause. The granulosis virus, there- 
fore, appeared capable of withstanding desiccation in the dark at room 
temperature for several months, but after 514 months, it seemed to lose 
some of its virulence. The polyhedrosis virus has been reported to with- 
stand desiccation for 2 years (Glaser 1928, Thompson and Steinhaus 
1950) . 


Effect of Temperature 


Temperature is known to affect the virulence of insect viruses. In 1917, 
White found that the virus of sacbrood in a water suspension was in- 
activated when heated to 59° C for 10 minutes. In honey, it was in- 
activated when heated to 70° C for 10 minutes. Glaser (1928) stated that 
the polyhedrosis virus lost its virulence when held at 60° C for 15 to 20 
minutes. In a later publication, Glaser and Lacaillade (1934) modified 
their statement and stated that the polyhedrosis virus was not always 
destroyed when heated for one-half to one hour at 60° C. It was inac- 
tivated, however, at 100° C for one-half hour. Bergold (1943) reported 
that boiling for 10 minutes inactivated the polyhedra. 

The effect of low temperature on Bergoldia virulenta was investigated 
first. Virus material stored at 4 to 6° C in the refrigerator did not show 
any noticeable loss in virulence even after storage for over a year. When 
stored for 36 days in a frozen condition in a deep freeze refrigerator reg- 
ulated at —32° C, the virulence of the virus was hardly affected. The 
larvae, which were fed virus frozen for 10 days, died in 4 to 6 days as 
compared to 5 to 7 days for those fed virus kept frozen 36 days. 

The inactivation of Bergoldia virulenta by high temperature was de- 
termined at the thermal inactivation point and the thermal inactivation 
time. In a preliminary test, the thermal inactivation point was deter- 
mined with virus inoculum which was heated in tightly stoppered vials. 
The vials were heated completely immersed in a water bath for 10 min- 
utes at the following temperatures: 45, 55, 60, 65, 70, and 75° C. The 
heat-treated virus inoculum was fed to fourth instar cabbageworms. The 
thermal inactivation point occurred between 70 and 75° C for 10 minutes 
of heating period. 


PER CENT MORTALITY 
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Fig. 4. Effect of different concentrations of the virus inoculum on|the period of infec- 
tion of Bergoldia virulenta n. sp. in Pieris rapae (L.). 
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Since the virus suspension in the above test was under an unknown 
pressure created during the heating of the tightly stoppered vials, the 
inactivation of the virus may have resulted from a combined effect of 
heat and pressure. Accordingly, the test was modified to eliminate the 
pressure developed in the vials. ‘This was accomplished by sealing the 
vial with a rubber stopper through which a slender glass tube was in- 
serted. The tube extended about a sixteenth of an inch from the bot- 
tom end of the stopper and about 4 to 5 inches from the top of the 
rubber stopper. 

The virus inoculum was prepared from 10 larvae which had died from 
granulosis in the fifth instar. The larvae were macerated in a Waring 
blender, and the virus granules concentrated by centrifugation and wash- 
ing with sterile distilled water several times. (The pH of the solution read 
5.9 with Beckman’s glass electrode pH meter.) The purified suspension 
was divided into two equal portions. One portion was saved for a subse- 
quent test on the effect of temperature on isolated virus particles. T'he 
other portion was diluted to 100 ml, and 3 ml aliquots were pipetted 
carefully into sterile 1 dram vials and sealed with sterile rubber stoppers. 
During the heating process, each vial was completely immersed to about 
an inch above the rubber stopper, but with 3 or 4 inches of the glass tube 
extended above the hot water. The vials were heated for 10 minutes at 
the following temperatures: 65, 70, 75, and 80° C. Each test group con- 
sisted of 10 fourth instar larvae. The control was divided into an un- 
treated group and a group fed the blood albumin solution. 

The results were nearly identical with those of the preliminary trial. 
All the larvae fed a virus suspension heated at 65° C died of granulosis. 
Virus heated at 70° C killed nine of the larvae, but one developed into an 
adult. Temperatures of 75 and 80° C inactivated the virus sufficiently to 
enable the larvae to reach adulthood. All the larvae in the control groups 
matured to adults. 

The procedure for the determination of the thermal inactivation time 
of Bergoldia virulenta was the same as in the above test. In the first trial 
which was conducted at 60° C at the various intervals of 10, 20, 30, 40, 60, 
and 90 minutes, none of the treatments inactivated the virus, and all the 
treated larvae died of granulosis. 

The test was repeated at 70° C at the intervals of 10, 20, 30, 40, and 60 
minutes. Each of the test groups and the two control groups consisted of 
10 fourth instar larvae. (The pH of the virus solution was 5.9.) After 10 
minutes of heating at 70° C, nine of the 10 treated larvae died of granu- 
losis, six as larvae and three as pupae. One treated larva emerged as an 
adult. After 20 minutes of exposure to 70° C, two of the 10 treated larvae 
died of granulosis and eight matured to adulthood. Heating for 30 min- 
utes and longer inactivated the virus so that all the larvae reached adult- 
hood. In the control groups, all the larvae developed into adults. 

The above tests indicated that the virus while enclosed in the granular 
matrix was capable of surviving temperatures up to 70 to 75° C for 10 
minutes or at 70° C between 20 and 30 minutes. 

Another test was conducted to determine the effect of temperature on 
the free virus particles. One-half of the purified granules that were used 
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in one of the above trials was first concentrated by centrifugation and 
then treated for 5 hours with 20 ml of a mixture of equal parts of 0.1 M 
sodium chloride and 0.1 M sodium carbonate. The free virus particles 
were purified by repeated centrifugation and washing with sterile distilled 
water. The final sediment of virus particles was diluted with 50 ml of 
sterile distilled water. Under the electron microscope, only free virus 
particles were observed in the sediment and no granule was present. As in 
the previous test, 3 ml of the virus solution were carefully pipetted into 
a sterile vial and sealed with a rubber stopper that had a glass tube 
through it. The vials were heated completely submerged in water for 10 
minutes at the following temperatures: 55, 60, 65, 70, and 75° C. One vial 
was left unheated. The contents of each vial were diluted with 25 ml of 
a 0.2 per cent blood albumin solution and fed to cabbageworms. 

No infections resulted from the ingestion of any of the treated material. 
Even the suspension of free virus particles that was not heated had lost 
its virulence. Apparently the chemical treatment required to dissolve and 
liberate the virus particles inactivated them. Bergold (1948b) maintains 
that a complete breakdown of virus bundles into individual virus par- 
ticles, by chemical methods, without loss of activity, has not yet been 
achieved. 


SOME FACTORS AFFECTING THE PERIOD OF INFECTION 


Certain attenuating factors, such as desiccation and heat, may directly 
alter the virulence of the virus, and thereby affect the period of infection. 
However, other factors may vary the period of infection by acting on the 
resistance of the host. The general opinion held by most workers is that 
larvae and pupae are susceptible to virus diseases but the adult insects are 
not. There also have been reports of the differential susceptibility of the 
larvae in different stages of growth. Glaser (1928) has reported that all 
larval stages of the silkworm, Bombyx mori (L.), are susceptible to poly- 
hedrosis disease, but older larvae are more easily infected than the young. 
However, according to Bergold (1943), the larvae of Bombyx mori, Por- 
thetria (Lymantria) dispar (L.), and Lymantria monacha L. do not all 
die when infected in more advanced stages of growth. Some of them 
develop into adults, and others die in the pupal stage. In 1951, he reported 
that the polyhedrosis virus of the European spruce budworm, Choris- 
toneura fumiferana (Clem.), frequently does not kill the larvae when 
fed to them about 10 days before pupation. 

The effect of degree of larval maturity on the period of infection of 
Bergoldia virulenta was investigated by inoculating cabbageworms of all 
the five instars and the late fifth instar. The virus inoculum was main- 
tained at a constant concentration of one larva, which had died of granu- 
losis in the fifth instar, diluted with 50 ml of a 0.2 per cent blood albumin 
solution. The larva was macerated in a sterile mortar before the addition 
of the blood albumin solution. 

In testing the first five instars, 20 larvae of each instar were treated with 
virus and 20 were used as controls. The control group was divided into 
two groups of 10 each. One of the control group was left untreated, and 
the other was fed the blood albumin solution. In the late stage of the 
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fifth instar, 28 larvae were treated with virus and 26 lafvae were kept as 
controls. Eighteen of the 26 control larvae were untreated and eight were 
fed the blood albumin solution. All the different instars were not inocu- 
lated at the same time because of the lack of larvae of the proper age. 
There was undoubtedly some variation in environment at the different 
times but this was negligible because the conditions jn the laboratory 
were rather uniform. 

The period of infection for the first 3 instars ranged ffrom 2 to 4 days; 
for the fourth and fifth instars, from 3:to 6 days; for th¢ late stage of the 
fifth instar, from 4 to 26 days with 24 of the 26 deaths joccurring in 4 to 
13 days. Two of the larvae in this last group matured to adults. None of 
the control larvae died of granulosis. 

The results indicated that all five instars were highly susceptible to 
granulosis and that the period of infection increased with the maturity 
of the larvae. Some of the larvae which were fed virus à few days before 
pupation developed into adults. 

Since the susceptibility of the cabbageworm may dep nd on the dosage 
of the virus inoculum, larvae in the third instar were fefl virus at various 
concentrations. A stock virus inoculum was prepared by macerating, in 
a sterile mortar, a fifth instar larva which had died gf granulosis and 
diluting with 50 ml of a 0.2 per cent blood albumin solution. The stock 


inoculum was diluted with 0.2 per cent blood albumi 
following concentrations: 1:2; 1:20; 1:200; 1:2,000; 1:20,0 
1:2,000,000. Since sufficient third instar larvae were not] 
form the entire experiment at the same time, the study 
trials. The first trial included the concentrations fro 
stock inoculum to 1:2,000 dilution. In the second tri 
included the dilution of 1:2,000, which was repeated. 
dilutions. Ten larvae were used in each test group. Th 
in the control groups and in the groups treated with thi 

The virus killed all the larvae up to a dilution of 1:2,0 
concentration, five larvae died of granulosis, two from 
three emerged as adults; at 1:200,000, two larvae died 
from another cause, and seven emerged as adults; at 
larvae died of granulosis, five from other causes and 
adults. Thus the virus was apparently infectious eve 
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over 1:20,000. In the control groups there were two deathf from granulosis, 
two from other causes, and 16 became adults. 

Fig. 4 shows graphically the effect of varied concentraltions of the virus 
on the period of infection. As the dilution of the virus] was increased to 
1:2,000, there was a gradual increase in the period from ihfection to death. 
There was a shift in the mode from 3 days for the stock Inoculum and the 
1:2 dilution to 6 days for the 1:2,000 dilution. In the groups treated with 
suspensions ranging from 1:20,000 to 1:2,000,000, mos} of the infected 
larvae died within 8 to 22 days. 

Since the period of infection of granulosis may possibly vary with the 
source of virus material, i.e., whether from a dead larva pr from a live in- 
fected larva, the following study was initiated to investigate the possibility 
of such variations. The virus inocula were prepared from a fifth instar 
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larva which had died of granulosis 24 hours previously and from a fifth 
instar larva which was in the late stage of infection. The external surfaces 
of the infected larva were “disinfected” by immersing the larva in a tinc- 
ture of merthiolate for about one minute. The merthiolate was washed 
off with several rinses of sterile distilled water. The larva was placed in a 
sterile dish and the digestive tract removed intact. The remainder of the 
larva, minus the digestive tract, was ground in a sterile mortar, and diluted 
with 50 ml of 0.2 per cent blood albumin solution. The dead larva was 
also ground in a sterile mortar and diluted with 50 ml of 0.2 per cent 
blood albumin solution. Each test was made on 15 larvae in their fourth 
instar and the control consisted of 10 larvae of the same age. 

The results indicated that there was no difference in the period of 
infection for the two types of virus inocula tested. In both test groups, 
the period from infection to death was 3 to 5 days, with most of the larvae 
dying in 4 days. One of the control larvae died from causes other than 
granulosis. 

In general, the period of infection of an insect virus disease varies with 
temperature. At high temperatures, the course of the disease is more 
rapid than at lower temperatures (Paillot 1924, Glaser 1928, Paillot 1948, 
Bergold 1943, Thompson and Steinhaus 1950). The period of infection 
of Bergoldia virulenta was studied under the following temperatures: 15, 
20, 28, 32, and 36° C and at room temperature of 20 to 28° C. For the fixed 
temperature studies above 25° C, the larvae were reared in a chamber 
equipped with a thermostat which maintained the temperature within 
one to two degrees. A small fan was kept in constant operation in the 
chamber. A pan of water was placed in the chamber to reduce the drying 
of the larval food as much as possible. A refrigerator, the temperature of 
which could be regulated, was used to study the effect of temperatures 
below 25° C. 

The virus inoculum consisted of the macerated contents of a dead fifth 
instar larva diluted with 50 ml of a 0.2 per cent blood albumin solution. 
The number of fourth instar larvae used in each trial varied with the 
number of larvae available. At 15° C, 20 larvae were fed the virus inocu- 
lum, 10 were fed the blood albumin solution, and 10 were untreated; at 
20° C, 15 larvae were fed the virus, 10 the blood albumin solution, and 
5 were untreated; at room temperature, 20 were fed the virus, 10 the blood 
albumin solution, and 10 were untreated; at 28° C, 15 were fed the virus, 
10 the blood albumin solution, and 5 were untreated; at 32° C, 15 were 
fed the virus and 10 were untreated; at 36° C, the total of two trials was 
30 larvae which were fed the virus inoculum, 20 which were fed the blood 
albumin solution, and 10 were untreated. 

The results are presented in the form of a histogram (Fig. 5). None of 
the control larvae died from granulosis, but some died from other causes. 
There was a decrease in the period of infection with an increase in tem- 
perature up to 32° C. At 15° C most of the larvae died from 6 to 7 days 
after infection, while at 32° C they died in 3 to 4 days. All the treated 
larvae which were reared at temperatures up to 28° C died of granulosis. 
Some of the larvae apparently died from bacterial infections at 32 and 
36° C. Surprisingly, the period of infection at 36° C increased rather than 
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decreased, and some of the treated larvae survived up to 21 days before 
dying. Moreover, some larvae apparently died from the high temperature 
rather than from ‘granulosis because they formed abrormal prepupae 
which did not contain typical granules. Many of the fontrol larvae at 
36° C also formed such abnormal prepupae. 


SUSCEPTIBILITY TO GRANULOSIS AT 36° 


Since the previous study indicated that at 36° C there was either an 
increased larval resistance to granulosis or a reduced virulence of the virus 
within the P. rapae larva, it might be asked if an infetted larva would 
recover from granulosis when reared at a high temperature. This problem 
was investigated in the following tests. In the first test, the treatments 
included the effect of varied intervals of high temperature (36° C) on the 
survival of larvae infected with granulosis. Each larva was transferred 
from the high temperature to room temperature for pupation in order to 
avoid its developing into an abnormal prepupa. Even yninfected larvae 
formed abnormal prepupae at the high temperature. The relative hu- 
midity of the cabinet at 36° C was about 45 per cent. Th¢ treatments were 
as follows: i 


Ac—control group reared at room temperature... . 5 larvae 
Ag-—larvae fed virus, reared at room temperature. . 5 larvae 
B—virus suspension dried for 24 hours at 36° C an d 

at room temperature.......... .10 larvae 
C—control group reared at 36° -10 larvae 
D-—larvae fed virus, reared 2 days at 36° C. 10 larvae 
E-larvae fed virus, reared 4 days at 36°-C. .15 larvae 
F—larvae fed virus, reared 6 days at 36° C. .10 larvae 


The larvae were in their fourth instar. The inoculum|was prepared by 
macerating one larva which had died of granulosis in the fifth instar and 
diluting with 50 ml of 0.2 per cent blood albumin solution. 

The results are given in Table 1. None of the controfs died of granu- 
losis, but the control group (treatment C, kept at 36° C) had three deaths, 
two of them apparently from an inability to produce normal pupae. All 
the larvae died of granulosis when reared at room temperature (treat- 
ments Ag and B), and when reared at 36° C for 2 days (treatment D). 
The death of all the larvae from granulosis in treatment|B indicated that 
the virus was not inactivated by drying at 36° C for 24/hours. Since the 
food dipped in the virus inoculum was removed after 24/hours, there was 
no need to test the viability of the virus for longer periods of drying at 
the high temperature. In both treatments E and F, n¢arly half of the 
larvae matured to adults while the other half died fron granulosis. It is 
highly probable that the adults in treatments E and F weye infected by the 
virus as larvae, since all the larvae which were reared for only 2 days at 
36° C died of granulosis. The results indicated that larva¢ of the imported 
cabbageworm could mature to adults when the infected larvae were reared 
for 4 or more days at 36° C and removed to lower tempefatures just prior 
to pupation. 

Since the above test indicated that the larvae could survive from granu- 
losis when infected and reared for over 2 days at 36° C, the next question 
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Table 1. Survival of the imported cabbageworm to infection from Bergoldia virulenta 
n. sp. when reared at 36° C for various intervals of time 





Number Dead Number Dead 








Number Larvae Pupae Total 

Larvae Dead Total 
Treatments Tested Granulosis Others Granulosis Others Granulosis Adults 
Ac. Control 1 ........ 5 0 0 0 0 0 5* 





Ag. Infected at room 
temperature ........... 5 5 0 0 0 5 0 
B. Infected with dried 
virus at room tem- 


PCTALUTE aisia 10 10 0 0 0 10 0 
C. Control 2 at 36° C 10 0 1 0 2 0 7 
D. Infected for 2 days 
at 36° C............ ss 10 10 0 0 0 10 0 
E. Infected for 4 days 
Bt DOr Co rras AD 3 0 6 0 9 6 
F. Infected for 6 days 
ergy |] 1 0 3 1 4 5 








*One normal hibernating pupa. 


which arose was this: would larvae infected at room temperature also 
recover when they were removed to higher temperatures? Three tests 
were conducted to answer this question. In the first test the treatments 
were as follows: 











A—control, fed blood albumin solution at 36° C. . 5 larvae 
B—control, untreated, reared at 36° C.........-.-..---- -10 larvae 
C—control, untreated, reared at room temperature. -10 larvae 
D-—infected and reared at 36° C............. .10 larvae 






-10 larvae 
-10 larvae 
.10 larvae 
10 larvae 


E—infected and reared at room temperature for 2 days then to 36° C. 
F—infected and reared at room temperature for 3 days then to 36° C. 

G—infected and reared at room temperature for 4 days then to 36° C. 
H-—infected and reared at room temperature. 





None of the treated larvae survived. In treatments E, F, and G, kept at 
room temperature for 2, 3, and 4 days after infection before being trans- 
ferred to 36° C, the larvae died in 3 to 5 days. The same period of 3 to 
5 days occurred in treatment H that was maintained at room temperature 
throughout. This comparable period of infection indicated that there 
was no decreased virulence of the virus within the host or no increased 
larval resistance at the high temperature. However, the heat treatment 
had a slight effect on treatment D, in which the period of infection was 
spread out over a range of 4 to 10 days, although miost of the deaths 
occurred on the sixth day. Only one of the control larvae reared at 36° C 
reached adulthood. The remainder died because they were not transferred 
to room temperature sufficiently early for them to pupate normally. 

Since the high virulence of the virus and the presence of secondarily 
pathogenic bacteria might have caused the failure of the above test, a 
second experiment was conducted with an attenuated form of the virus. 
The virus was attenuated by drying a smear of virus suspension on sterile 
glass slides and storing for 74 days in the dark at room temperature. ‘The 
drying process also destroyed most of the non-spore forming bacteria. The 
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virus inoculum was prepared by scraping off the dried virus smears from 
five slides into 25 ml of a 0.2 per cent blood albumin solution. The treat- 
ments were as follows: 


C—control fed blood albumin solution at 36° C. 

A—infected and reared at 36° C. 

B—infected and reared at room temperature for 2 days then to 36° 
D-—infected and reared at room temperature for 3 days then to 36° 
E—infected and reared at room temperature for 5 days then to 36° 
F—infected and reared at room temperature. 


There were 10 fourth instar larvae in each test group} The procedure 
was the same as in the first test. All larvae just prior to pupation were 
transferred to room temperature. 

The results are given in Table 2. As the period of infection in treatment 
F was 8 to 10 days, with one larva dying over a month later as a pupa, the 
virus inoculum of this test was evidently much less virulent than that of 
the first test. At least one adult emerged from each treatment except treat- 
ment F. In treatment A, that maintained at 36° C, half of the larvae 
matured successfully. In treatment B, there were eight dead pupae, which 
died from granulosis, and two became adults. Treatments D and E each 
had one larva which reached adulthood. In treatment D, however, five 
of the larvae did not die from granulosis since samples of their blood, 
when examined under the electron microscope, did not contain any typical 
granules. The results of this test indicated that the longer a larva was 
reared in an infected condition at room temperature, the less the likeli- 
hood of its recovery when transferred to 36° C. Apparently at an advanced 
stage of infection, the heat treatment could not prevent|the larvae from 
dying. 


Table 2. Survival of the importéd cabbageworm from granulosi when infected at 
room temperature and transferred to 36° C after various intervals off time 





Number Dead Number Dead 




















Larvae Pupae Total} Total 
Dead Dead Total 

Treatments Granulosis Others Granulosis Others Granulofis Others Adults 
C. Control, blood 

albumin at 36° C. 0 1 0 7 0 8 2 
A. Infected at 36° C. 0 0 4 1 4 1 5 
B. Infected at room tem- 

perature 2 days............ 0 0 8 0 8 0 2 
D. Infected at room tem- 

perature 3 days............ 2 5 2 0 4 5 1 
E. Infected at room tem- 

perature 5 days..... =» D 0 0 0 9 0 1 
F. Infected at room tem- 

PEATE cnc seco scien 9 0 1 0 10 0 0 


The treatments of the third test were the same as of the second except 
that treatment F was omitted. The virus suspension was attenuated by 
heating it in a water bath maintained at 60 to 65° C for 1) minutes. After 
cooling to room temperature, 0.1 gm of blood albumin was added to the 
suspension. 
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Since none of the treated larvae survived, the virulence of the virus 
was not reduced sufficiently to enable the infected larvae to survive the 
granulosis infection when transferred to 36° C. However, the period of 
infection increased among larvae which were maintained longer at 36° C 
than among those which were in the high temperature for a shorter 
interval. 

At times the symptoms of the infected larvae when reared at 36° C 
differed from those of larvae reared at room temperature. Some of the 
infected larvae turned pale green and died just as those at room tem- 
perature. Others, however, turned from a pale green to a yellowish color 
and appeared somewhat translucent. Their bodies were slightly bloated. 
Occasionally the feces were tinted with a yellow substance. In some of 
these larvae, the granules, when examined under the electron microscope, 
were not the same as those of Bergoldia virulenta. These larvae generally 
lived for a relatively long period before dying. 

The above tests indicated that the likelihood of a larva surviving a 
granulosis infection depended mainly on the virulence of the pathogen 
and the stage of infection at which the heat treatment was applied. In 
Colias philodice eurytheme, Thompson and Steinhaus (1950) reported that 
within the temperature range (10 to 33° C) in which the alfalfa caterpillar 
was active, susceptibility to polyhedrosis was independent of temperature, 
although the incubation period of the disease fluctuated with tempera- 
ture. They were not able to study the infection of the virus at tempera- 
tures above 33° C because the larvae were killed by bacteria. 

Was the survival of infected Pieris rapae larvae at 36° C the result of 
an inability of the virus to multiply in the host, or of an increased cellular 
and humoral immunity which were brought into effect by the high meta- 
bolic rate of the host? These interesting aspects of the problem were not 
investigated. 


TRANSMISSION TO THE ALFALFA CATERPILLAR 


Since the alfalfa caterpillar, Colias philodice eurytheme, belongs to the 
same family Pieridae as the imported cabbageworm, the possibility of 
transmission of Bergoldia virulenta to the alfalfa caterpillar was investi- 
gated. In two preliminary tests, the alfalfa caterpillars were fed virus 
inoculum prepared from a fifth instar cabbageworm which had died from 
granulosis. All the treated alfalfa caterpillars died. They contained many 
small rods and granule-like particles, which, under the electron micro- 
Scope, were ellipsoidal in outline and varied greatly in size. The ellip- 
soidal shape of the particles distinguished them from the granules of 
Bergoldia virulenta. 

Since the death of the alfalfa caterpillars could have been caused by 
bacteria present in the virus inoculum, two further tests were conducted 
in which infected tissues from live cabbageworms in the late stage of 
granulosis were fed to the alfalfa caterpillars. In both trials, the virus 
inoculum was prepared from an infected fifth instar cabbageworm whose 
external surfaces were “disinfected” in merthiolate for 3 minutes and the 
merthiolate washed off with 10 rinses of sterile distilled water. The larva 
was dissected with sterilized instruments and about a fourth of its fat, 
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muscles, and skin removed without rupturing the gut.|The tissues were 


ground in a sterile mortar and diluted with 50 ml of a 


.2 per cent blood 


albumin solution. A sample of the inoculum when examined under the 


light microscope contained many granules and no signs 


of bacteria. 


; The treatments consisted of 10 Colias larvae which were fed the virus 
inoculum, five untreated larvae, and five larvae which were fed the blood 


albumin solution. The virus inoculum was found to be 
to five cabbageworms which were fed the virus. Amo: 
caterpillars which were fed the virus inoculum, there 
one from bacteria and the other from an unknown caus 
eight larvae reached adulthood. Four of the untreated c 
two from polyhedrosis and two from bacteria. One of 


highly infectious 
g the 10 alfalfa 
ere two deaths, 
. The remaining 
introl larvae died, 
e control larvae 





which was fed blood albumin died from polyhedrosi: 





The remaining 


five control larvae developed into adults. 
In the second test, the virus inoculum was also found to be highly 
infectious to cabbageworms. Out of the 15 alfalfa caterpillars which were 
fed the virus inoculum, nine of them died, all showing some granular 
particles and small bacteria. In the control group of 15 larvae, there were 
four deaths. Three of the dead larvae contained granular particles and 
small bacteria. One larva died from polyhedrosis. 
Although the performance of the control groups in the above trials was 
not very satisfactory, the results obtained indicated a probability that the 
granulosis virus of the cabbageworm might not be infectious to the alfalfa 
caterpillar. 
A third test was conducted to determine whether the|body contents of 
alfalfa caterpillars which had died with granular particlds present in them 
would be infectious to the cabbageworm. The remains of|two of the larvae 
which had died in the above second trial were macerated separately and 
each diluted with 100 ml of 0.2 per cent blood albumin solution. Both 
inocula contained many granular particles and small bafterial rods. Each 
inoculum was fed to a group of 15 cabbageworms. In the control group, 
10 cabbageworms were fed the blood albumin solution And five were un- 
treated. At the conclusion of the trial, there were no deaths among the 
30 cabbageworms which were fed the body contents of the dead cater- 
pillars; all pupated normally. One of the control larvae djed from bacteria. 
The results indicated that the granular particles found in the dead 
alfalfa caterpillars were not infectious to the imported tabbageworm. As 
pointed out earlier, the granular particles found in the alfalfa caterpillar 
differ in size and shape from the granules of Bergoldia v}rulenta. 





BACTERIA ASSOCIATED WITH GRANULOSIS 


Since bacteria are often found in larvae which die of granulosis, the 


question arises whether these bacteria are “true” path| 


gens or “oppor- 


tunists.”§ In some instances in which the imported cabbageworm died in 


a very short time, such as 2 to 4 days, there may ha 
infection of bacteria and virus. Sometimes the bacteri 
inhaus (1949a) defines “‘opportunists’” as those microorganisms which 


tion the host, such as those in the alimentary tract, and which, under 
as when the resistance of the hosts is lowered invade the more susceptible pai 
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such large numbers that they apparently killed the cabbageworm before 
the virus did. Cabbageworms, which died from a mixed infection of virus 
and bacteria, were usually contracted, greenish in color and had a firm 
integument, as contrasted to the relaxed form, yellowish-white color, and 
delicate integument found in a typical case of granulosis. 


A study was undertaken to determine whether the bacteria associated 
with Bergoldia virulenta were true pathogens. From a recently dead larva, 
whose blood contained many granules and small bacteria, a sample of the 
blood was streaked on a plate of plain nutrient agar. Two types of bac- 
terial colonies were isolated onto agar slants. No attempt was made to 
identify these bacteria, other than to note some of their general physical 
characteristics. The first bacterial colony was small, elevated, circular in 
outline, and had a smooth surface. It was creamy white in color with a 
faint indication of red. It was composed of small gram-negative rods which 
were about 0.5 by 1.3 microns. The second bacterium formed very small 
pin-point colonies, white in color and with a smooth surface and margin. 
Its colonies grew very slowly in nutrient agar. The bacterium was a gram- 
positive coccus found usually in pairs but sometimes in chains. Its outline 
was broadly ovoid, and the long diameter measured approximately 0.7 
micron. 


A suspension of each bacterium was fed to a group of 18 fourth instar 
cabbageworms. The control group contained 10 larvae which were fed 
blood albumin solution, and seven larvae which were untreated. Two of 
the 18 larvae which were fed the gram-negative small rods died on the 
fourteenth and sixteenth days after infection. Their bodies contained a 
very large number of small to medium-sized bacteria. There was no indi- 
cation of a virus infection. None of the 18 larvae which were fed the 
gram-positive coccus died of bacterial infection, but one died of polyhe- 
drosis in the pupal stage. All the remaining larvae of both groups ma- 
tured to adults. In the control, one larva died from bacterial infection 
and the remainder reached adulthood. 


The bacteria which were isolated in this study apparently were “oppor- 
tunists” rather than true pathogens. However, it may be that neither of 
these two species was responsible for the death of the larva since the 
isolation of the true pathogen might not be possible with plain nutrient 
agar. 
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SUMMARY 





A granulosis virus, which infects the imported cabbageworm, Pieris 
rapae (L.), has been described and named Bergoldia|virulenta, n. sp. 
This virus has been found infecting Pieris rapae in California, Colorado, 
and Hawaii. The average size of the granules is approximately 0.2 by 
0.3 microns. Most of the free virus particles are 41 tq 50 millimicrons 
by 291 to 300 millimicrons in size. The external symptoms of granulosis 
in Pieris rapae resemble those of a polyhedrosis. The infected larva grad- 
ually turns pale and dies in a wilted condition. The fat and hypodermis 
are the only tissues with distinct signs of pathology. 

Bergoldia virulenta is capable of withstanding desiccation and freezing 
for’several months. Its thermal inactivation point is between 70 and 75° C 
for 10 minutes. The thermal inactivation time lies between 20 and 30 
minutes at 70° C. 

The period of granulosis infection in Pieris rapae v 
of the larva, the concentration and virulence of the vi 
temperature at which the larva is reared, and the pres¢nce of secondary 
pathogens. There is apparently no difference in the period of infection if 
the virus is obtained from a dead larva or from a liying larva in the 
late stage of infection. 


At a high temperature (36° C), there is an increase 
the period of infection to granulosis. When larvae 
granulosis at 36° C and reared at this temperature u 
pupation, some of them may survive and mature to ad 
instar larvae, which are infected at room temperature al 
36° C after 2 to 5 days may mature to adulthood. 

The bacteria which were commonly associated with 


in the length of 
re infected with 
til just prior to 
lts. Some fourth 
d transferred to 


granulosis infec- 


tion during this study appear to have been “opportunists” rather than 


true pathogens. 


All attempts have failed to transmit Bergoldia virplenta to several 
lepidopterous hosts known to be susceptible to a granulasis infection. The 


granulosis viruses from these hosts, in turn, are not i 
rapae. Attempts to transmit Bergoldia virulenta to the 
Colias philodice eurytheme Boisd., have failed. 
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